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METHOD OF PROVIDING POLYPEPTIDE PREPARATIONS WITH REDUCED 
ENZYMATIC SIDE ACTIVITIES 

5 

FIELD OF INVENTION 

The present invention relates generally to processes of obtaining preparations of 
polypeptides having a low content of undesired enzymatic activities (side activities). In 
10 particular, the invention provides a simple and convenient process whereby the level of such 
side activities can be reduced significantly or substantially completely inactivated in crude 
and more or less purified polypeptide preparations such as preparations of aspartic 
proteases including chymosin species and microbial aspartic proteases. 

15 TECHNICAL BACKGROUND AND PRIOR ART 

A large range of polypeptide products including enzymes and pharmaceutically active 
products are currently manufactured and made commercially available. Such products may 
be derived from a variety of sources. Thus, they can be derived from extracts of plant, animal 

20 or microbial cells naturally producing the products or they can be manufactured using 
appropriate recombinant microbial host organisms producing the desired product(s) either 
being accumulated intracellularly or excreted into the cultivation medium. In any case, the 
primary crude extract or medium resulting from the cultivation of the recombinant organisms 
normally contain, in addition to the desired product(s), a range of undesired enzymatic 

25 activities naturally produced by the source organisms or the recombinant host cells. In 
certain instances, an undesired enzymatic activity in a cultivation medium for a recombinant 
organism is derived from the fact that the desired product is produced as a fusion protein of 
the desired gene product and a fusion partner having, in relation to the final product, an 
undesired enzymatic side activity. 

30 

It is therefore a continuing concern for the industry how to provide polypeptide products that 
do not contain undesired enzymatic side activities or at least have a content of such activities 
at such a low level that they do not restrict the applicability of the polypeptide products for 
their intended purposes. 
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One illustrative example of such a problem is the that.factng manufacturers of milk dotting 
enzymes, also refen'ed to as rennets or coagulants. Milk clotting enaymes, which belong 
to th dass of asparcic proteases* are wid ly used in the cheese manufacturing industry to 
. provide a curd of the major milk proteiris, the caseins. Commercially available milk dotting 
Cr .^S^rpV'^f*? 1^ native enzymesi derived from microbialfspedes or antmcd tissue sources 
t ^^ii'Pl?^;?^'^ stomachs, or such enzymes can be provkled as gene products of recombi- 
^ * ;r-^T»frt oetee^ a heterologous milk dotting enzyme of animal or microbial origin. 

: The.industnally most important mdlk dotting enzymesto^animai origin are chymosin and 
10^ pepsin. When produced in the anrmal gastric mucosal:ceils; chymosin and pepsin occur 
. V -i^^^^p^^||^9f$X^^^^ prehprochymosin and prerp6p^ogeci;;^rB^:|e^ chy- 

- ^^^*#j^^jf| an N-terminal peptide fragment, the:pre-fragmer)t (signal peptide) Is 

' ^ "-cleaved off to give prochymosin ihduding a pro-fragment. Prochymosin is a sut)stantia[ly 
-v ^^^^ of.the enzyme which, however, beoomes;activated underaddic conditions to 

- ifi^^^to^M^^ by autocatal^lic removal of the prorfragmentL This activation occurs in 
X \^^yl^^J^^gastaic lumen under appropriate pH oonditioc^or /n^vAro under acidic condi- 

enzymes of bovine origin havecbeen niaiketed ln thefonTi'of ex- 
>" 20f^inci^^ tissues; However; bovine chymosirnisz-increasin^befng manufactured 

?%>9i^ii^tlstrisdly'4J^^ recombinant DN A technology, e.g/using'fiianrtentous^ftingt such as As- 
, ; .iS?i>^/ierg«B^ (see e.g. Ward, 1990), yeast stralns,:eig: of Ktyuvsromyces spedes, or 

e.g. £. coll as host organisms. 


.^^7pl2^E^U^ck:]^g:enz^ of microbial origin are currentiy:in^comnr>erctal:Use in the.dairy in- 


_ - „ 


^>f^:c^^cfti^w 3ijch enzymes are also referred to as microbial^clotting enzymes, 

- 4^1 i ^i^crobial rennets or microbial coagulants. Examples^ofrsuch enzymes indude aspartic 
■ produced by the filamentous furtgaiispede&A/uzDmucor/n/e/ie/ and 

Vf^^^^^pai^ and prot^se naturally produced>fa ^ i h #-ftm^^ 

*^::r^ ;^ having milk dotting activity are ateo^^ 

l^r^^l^^^g^f^e^ Rhizopus species,- Physarum spect^eendiBer^^ 
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, - j^^^w^^,XAm&[\tly applied processes for manufacturingrof awinnteraal rennet products 
'^(ncltwle steps of recovering the adrtive enzymes from crud extracts or microbial f rm nta- 
tkm media, followed by one or more purification steps. 

, . 5^. As one WO 90/15866 discloses a method^fot-cecoyedng and purifying 

J . f ::: (*^osin from an aqueous solution which includes the adidltion.of. polyethylene glycol and 
an inorganic salt so as to form a Cwo phase system whereby the chymosin Is concentrated 
; r ' ^r;^fQllhefP^ and cell debrisiand other Impurities in^the salt phase, followed by 
-^recovering the chymosin-rich phase and isolating the chymosin herefrom 
^40^Jc^mHnatp^ Such a muhi-step process, however; is associated with several 

Is tat>oLff intensive and therttsa^of satt^ the 
\ jRipdiK^ (ii) the use of PBG requires strict m^isures to be.taken to renriove this 
-'^^--'^'^utjetar^GefanciXiii) the use of large amounts of salt represents a significant pollution 

, problern. Furthermore, and importantly, the enzyme preparation obtained by eiuting it from 
.^^^>^it6^fH9^^db^ column may have.an undesirably?t^|dT,conl^ntcl^OT side 

^'^^Qcth^tl^^ a further sep^tion step, e.g. chronria^pgra^^ these 

- ^^4^^^^^*^^ develop a simpler proces&for recovery of milk dotting en- 

j^^l^^^^^^^^^ mediA- Thus, WO 95/29999 disdoaes^tihn^^^ of chymo- 

'^^^^^^^ii^^^^ chromatogrejphy process avoidtng^ie^use^ol^eEG andrS^ 


Tv^suctifdne-step prooessesirequentiy resulfeincunsatisfactory yields of milk clot- 
in. particular when the conductivity of the.ccude pteparation, such as a filtrate 
^'^'^ ^ -^^-^Lii_i lennerrtation mediiinnr that is applied tq#^ is high. 

Another very significant problem associated with such processes is. that also in such a 


H . ; .4process,^the eluate from the colunnn may have urKjesirsd^enzymalic skie activities and 



fftilther^i^^ step is required to rernoya^such^ctiyfties. 


is.:based oil the surprising disccnieiV|tha^^ ao- 
preparations can be reduced cmeiitnirmteGkfayp^ivefy simple process 
"^^dls^^e^^ithe preparation to tow pH for an appi3opriate^pefiod;:0f time witiiout any 
concurrent inactivationi of the active polypeptide contained in the preparation. 
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This achievement has made it possible to develop an efficient, cost-effective and less 
^ pdhittng method of recovering arid isolating active polypeptide In a one-step chroma- 
tographic process from aqueous media in the form of preparations not containing unde- 
* - Sired levels of enzymatic side activities 


J^StllliM^^ INVErfnON 


- Accordingly, in one aspect, the inh/ention pertains to a method of providing a polypeptide 
lO^^prieipar^^ having a reduced corttent of undesired enzymatic side activities, the method 


- (1) providing a medium having a pH of 2.0 or higher that comprises at least one desired 
; ' 'iL^^polypeptide and in addition hereto at least one undesiredenzymatic side activity, and 

-^^';:^(fi)jsuty€K^ said medium to a pH of less than 2.0 fotarperiod of^ime^that Is sufficient to 
-i H<^^^^^^^^Bd^^ bast one enzymatiasde^^ - - 

i?aiudb«iasro^ prowi^ a^milk dotting oon^poatiqn.corapn^ 

^^^^^p^vided by the method! of tiie invention, said:compo6itibn essentially not having 
Bcienz)&rnatic side activities. 



iblfeoSURE OF TH^INyENTlON 


.o^^^l^P I crf'the present invention to pro\rtdeua method^wbcireby a preparation 


^ bioiogically active pdiypeptide having a^iedudedconteirt enzy-, 
^ ;^^Sn^^ obtained whilst at the sam^tinr^e suba^^ retaining the 


v^^r^^^^BicnQgn»ucuvtty.of the polypeptide 


.^t context, the term "jjreparation contairtaj^^q^^ffi^^^^jB^^^^de' 


^flX; ;^^^^ifelny preparation containltig a desired potypeptkte virtilefi ^fl^manufactt^^ sold 

Aic^iL^^ particular,intended purpose^the term 'polypeptid^ncor^ 
^v^^^feg^i^^l^sg^^ moleculeagthalJareigdscsgeTO 

f oligopeptides of proteins; The temn 'I 


m^ant to include 


' . ^any detedabl activity that can be detected in in vitro systems and in vivo in botti 

prokaryotic and eukaryotic organfenis including higher organisms such as animals and 
plants. Thus, the temi refers to eJg. antimicrobial, phamiaceutical, immunological 
(antibodies or antigens) or enzymatic activity. Additionally, as used herein the term 
..,?» S<;^Ipfeparalion^ihdudes prepa^^ any fonm that is suitable for application or 

administration of the preparations, such as dry, semi-dry and fiquid fonms including e.g. 
' v.l?frv^^uspe^^ or emulsions. ' : . . . ^ 

. rt Js, as ft is mentioned above, a common observ/ation that preparations containing one or 
lO^'^rnbrie deieired polypeptides including raw materials and intermediate prtxiucts used in the 
'^^^^^^^^^^^^^^^'^^^ products containing the polyp^d^ hasf^L.^^^ en- 

' ' ' refen-ed to herein as side acti>rttiesrln nnany Tnsfanoes, such side 

^activities have a detrimental effect which is exerted upon application of tfie desired poly- 
^ example hereof, preparations:cAjBn^meS;pfoduced^b^^ 

•1'. j^ iTJSS^frc^ the;tl^^ of higher organisms or produced by-cuMvation of microorganisms, tre- 
"< ^QMS^^y contain jninor amounts ofl undesired enzymatiCsactivity.vE.g;. when milk clotting 
> -^^^ J^arutymes of both animal and micrbbial origin are prod u o ed .uang.eithen organisms . ^ 
;i - ->trwiturallV:Droducina such an enzyhne or using reconibiriarit h<»t nriicfoorganisrns having an 
C '%l,^te^eited:gene expressing the milk dotting enzyme, theiRwAictng s^ range 
I^^^^su^l^de a^hnties as described in the following. These side;activitie5- may restrict the 
^;^^^^^^^^ofe^^Ritoe^^ ior the milk clotoig enzyme and iuisitherefote cpiTunon tojMt 
r^^^ ^^^i^ ^P^'^!^^ of side actiN^ties in such products^^wfiich should be met 

V^^^^^P^Et»itB^ enzymatic sHe activity* as used^heretn refers to any enzymatc ao- 

r r^r^^ftyS^ th^preserfce of which in a polypeptide preparatiori?is undesired for any reason such 
? l^J^ias detririierrtal.or toxic effects occuning upon applicatioctor adnrtirustra^ title polypep- 
V- "^l^Btide.pieil^ examples of such effects can betmenttoned diagrat^ df:A«luable 
^ SifScomppnents in:a food product and Immunologically ac^rs^ eWecteaipon admirustra of 
l^^m^pas^aeSi^.sxid^te polype|i>tide.-Undesired enzyn^itlo artiyitle^ by 

_JnvBntion tndude as examples pfotease2ao4Mty,^farrti^gradta 

>-^..«J^ lipase activity, cellulase activity, lacta^;activity activity, 

'"-^'-•^'i^as^rt^ maiiuf^^ rdal polypeptide preparations the nzymaoc side activity 


.^^Siffi^g^su^aixte rm^te met by subjecting the products or.the?staitirig materials herefor to ex- 


»tj V/ V/ o 


. ^^enslve punfication processes which, however, in addition to the costs tnvoh^ed frequently 
Implies loss of yield of the desired polypeptid . 

■ In accordance with the method o« the invention, the levetof undesired ade activities is re- 
5 -. duced or eliminated using a very simple approach, i.e^ by. subjecting a starting material, 
^^.-.ifflj-inten^iate material or the firial product having a pHr2.0 or higher-thai comprises at 
- ^te^ one desired polypeptide and in addition hereto at.least one undesired enzymatic 
sWe^ctS^ to a.treatment whereithe pH is adlusted to less than 2.0 for a period of time 
; -^^fe^^ least partial^ Inactivate the at least one enzymatic side activity. 


^i^f^SwTt can be carried but using any suitaUe;<)f\ja^^^ the 

use of which is compatible with tlie desired polypeptide and the applications herefor. A 
- --^-non-BmrtinQ range of such adds include lactic acid, ac8tic;add,.cifric acid, HCI, H3P04, 
- -•-v;i;andH2S04. ' 

;-ii^if:prrfe^ed ernbodiments, this trdatmert at low pH reaulite in that at l^st .75% of the ac- 
is-^V^^feAy-ot^stea^ one desired polyftepti^^ retained arfteosubjecting thamedium having a 
^^S^ite^wp to a p^H of less^ten 2.0/ ktore pv9^B^.i ^^i^^f»,su<A\^ at least 
^^^8®?^ci^Bostpreferably, at leasit 90%, e.g. at least95%.of the activity of the desired 
'» is retained. 

i .S£i5^erably, the method of the invfentlon is capable ohdeatroying or inactivating^ least 
■ of at least one undesired en^mattea£;tivityiprBsenyr^^ Miypeptide 

- |; r;:^^KBPa^B*Pn^ In^ccrtain instances & lower degree of lnacliva!ion.mayJje,fully acceptable if 
3^^fttetoww degree of inactivation rbsults in that the final4»!!pducfcnieets.th«;standard speci- 
' ?r^SSons^^ activity/activities, Moi^-preforably, atle^^S^^^ side 

^ ^^^^iJf^S^^^^t^ bytreatmer*, such as at Ieast5ffl%^80%x>r atleast 90% W acti- 
. J^iJ^^^Mii^ achvity, -^c^^- >r ? .h^-^^ 



or inteoBedkte^cc^^ <n 
^^l^^g of a preparatian containing a desSiedj'polypeptide.as.well .as.m^ final 
^pdMg^iaSjSu^^^can bo..subjecte<ll to the treatment afckJs^pH^^^ 
_ ^^1^^^ treated in acootctenoe with the lhvenlt«\*bcti^%-m 
i^^^SsN^ony aimicroorganism that during its cultivatioftproduces-atlea^ wie desired 
^->:S&3^g^g^^ least on undtelred enzymatic sidaaBBtivity;as.ctefiried h rein. In ac- 



cxirdance with the invention such imedia to be treated include ntedia derived from cultjva- 
tion of animal ceils, plant ceils and microbial ceils indudmg cells of a bacterial species 
' , such as a gram negative bacteriai species including E.zcots and a gram positive spedes 
including a Badllus species, a yeast species and a species of filamentous fungi. 
^§.yS^^iii^^ can be treated by the method of tbecinventiori indude media derived 

^froin the^cultivatjon of cells of a yeast species selected from Saccharomyces cerevisiae, a 
^mBfthyfotfophic^y^^ species indbding Pichia pastoris:Bnd a Klyuvefomyces species* and 
rn«Da l^om cutfivation of species sof filamentous fungi such as e.g, Asporgillus species, 
..Cryphortectria spedes, Fusaifami species, /7/7izoniucarspedes and Trichoderma spedes. 
h-tO^l^lli^-unde^red e^ activitieis in such cuftivation mecfia araprimcmly enzymatic side 
f:/^^ V4^^ are produced naturally by the productk)n=strain focrthe d^i^iad 

^ • :::^95'!'®^/ i^ spfecffic embodiments, the undesired side.activity ie derived from a fusion 
- "^^^^^^rtner (oV the'desired polypeptidb. 



''' itfinth tfie invention, tthe medium as deBn6d;above;,is.6ubj6cted to a pH in the 
d^g^.P?! -0 to J .99 such as irrthfe range of 1 ,5 to 1 .99 or in the range of 1 ,7 to 1 .99. In 
t^6l]dMdif)^^is, the treatment.is at a pH of aboutd^ 


--I^^MTJie JowjiH treatment according lb the iriverttidn is madeior;a petridd of time that is re- 
y^ 'SEf^:^Q^^ the side activfty/activities to a desired leveLind^that does not inacti- 

r^^^yate^thi^^^ activity of the desired potypeptide.unacceptably. Typtcally, however, 

Within the range of Q;3;twnutes,to ,48 as a 

^ T~^^^>:Tran^ to 36 hours including the range of 10 minutes to 24 hours. Those of sl<ill 


;^to,edtiIeJto^©ad^^ a partioilac^ the ap- 


'^3^^^:^2^^^^ period using standard nrtethods foEassaying^enaymafc activities and 


- j^^ of the desired pblypeptide. 


V :,|tln oTO interesting embodiment, the preparation belng trealed Is a preparation 

v^^^^^in^ll^^a^ protease acti>h^.As:mentioned<abo^ • 
^^^iSil^n^fc^^^ milk dotting enzymes ttKtitare^wk^^ manu-. 

media whibh are treated in ac»H«feuT<»^^ 
; i^^-S^i -ciknfecfiafd&i^^ the cultrvatiaij of a microorganismttiat during the cutttvatlon produces 
J/^^an aspsutic protease and at leastione undesired enzymatic side activity such as a medium 
' ^"^l^iita^ th cuttivatioiii of a,niicroorganismethaLnalifla%^pT^^ aspartlc 
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/-. . f . vproteas^^ a medium that is derived from th cuitivaliorrof a recombinant microorganism 
- ' ttiett has an inserted gene expressing the aspartic protease. 

NoTHrecombinant and recombinant microorganisms thatare useful in the production of 
vasparticj>roteases include bactedal species and yeastr^pectss such as.those mentioned 
above. 

■ * * ' ■ • 

'^edes^ filarhentous fungi are iilso widely used for the production of.milk dotting aspar- 
. :tia proteases and suitable filameretous fungi for that purpose indude spedes of Aspergil- 
- A0^hiSt^4$^^^ oryzae, Aspergillus nldulans or Aspergiltt^niger 'mdxix&nq A^^ 
.^^:;^^^^^^^^^iM^o^^ strains of a Fusariimispo^ 

^ r'lci/df suchaas Rhizomucx)rmiehei:or dL :Tmho<tenna species in- 

duding Tnchoderwa resee/and ^trains of C/yp/ionecerta spedes induding Cryphonectria 
sparasiti^ can be used to product milk clotting efizyrnes^-Accorciingty, tf>e me*od of the 
^;i^..:i^^^^s&^^f&&^ is used forinactivattng side activitieSE3a{ni^^ of 
-l''?>:^sucb.fung6Ll spedes. 


> g^^>ig^to:patticalar-efrt^^ the d^ired polypeptkle in^ttiecpreparation obtahieAherein is a 


5'~2£^eru^TTtt^^ such as an amylase or glucoamylese euiftivity. 



S^^^^iEi:.^^ the invention,?the desired polypeptide In th€^ prepacatton that is ob- 

:^ :;'^|^i£air)ed protease deiSved frofri the group. consisting of an emimai aspartic 

jii^iMaM^mduding a mammalian jaspartic protease rndu^giprp^yir^ 


^ .^.-^—j arxl pepsin, a plant aspartic protease ancteimictobiaJ.aspartiG.prctea^ 

' -^ ^^^A nmmnyUian -aspartic protease can be derived f ronrttac^nriannfnttU^ie^ a 
- - i ^^riiminaritspedes induding a bovhe species, an ovirnKspedes^dr.capnne: spedes, a deer 


- spedes, an antek>pe spedes arKb&'giraffedS^ spe- 


Garii^i^ dromedatii^ a porcine i 


la pri- 


Jt is^nmntioned ^ovo, a comnwntyEOised nrulfepkrfto 
^^e?*acts of tissues of n^nrrarwd^iah^l^^p^^ dot- 

"_^^£a^^& protease. Accordlngfy, the method of the inwention is appflcabje to such 
fl^uding preparatidins of aspartic proteases cterived from a naturally pro- 
Ji^^^^^^t^edlitpparti^p^ byjthe addition, or. d letion of^ ne orrrnpre.arainp.a^ or substi- 
-/^-i^^tutind one or more amino adds herein. 


tt Is a further objecttv of* pre^rrt inventkxi to provide a milk dotling^ 
^feting of a preparation comprising an aspartic protease provided lay the method of inven- 
lion and which essentially does not have undesired enzymatic side activities including 
,such,activities.selected from glucoamylase activity, lactase activity,, starch degrading en- 
^-^vJSfiStryrrc protease activity, peptidase activity, phosphatase activity, lipase activrty. 

deflulase. activity and hemicellulase activity. Such cornposftions may^ in addition to the ac- 
;rsr:4*^K#^r^nertrl^^ mere additives as conventfonally used In the manufactur- 

: of preparations of milk dotting enzymes (i.e. coagulants or rennete) derived from ani- 


-'dial or'fnicrobia] sources. 
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w^^n^W now be further.explained in the followi|^?nottj|h^^ the 
drawings where: 


o ^^^Bg. rl iUusthrtes the inactivation df glucoamylase activity in a ierraentaiion medium for As- 
S:i|^p>«3fl^ awamon expressing bovine chymo8lri:at different pH values, and 

'^^^^^^^"^^ Inactivation of Sfgma glucoamylaseaLdifferent pH values. 



^ recombinant chyiifiMiniptcfparalim 


'^^^^Ms^^^^S^^ a prpchymoan-glucoamylaseifu^ was used as 

^^^p)tfg^j<rf2rifli Thft fittrate was obtAined from an industriaJ^feimOTtaltei.^^^ 
^ S^^^^^Se Siltivation medium after completion of fte^mientatioo to Inactivate ttie 

lollpwed by sepaiatirtg the blomass2b>?sflteationv: ; - f 




^t^^l^lyse^rch by generating 1 Kg glucose per min unde^thabetow^^ 
^^"^ten^idtlfc^activft^ InternatiSwMl^C^^ 


5^^^»rni. prior t0^ tine filtrate was diluted 5 times >vllh dtetflted water As a: control, a 
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... commeraal preparation of pure glucoamylase (GAM^deoved from .Aye n g rf / ft w^n^e^' 
(Sigma No. A3514) was indudedras a solution containing 0.05 mg/ml distilled water. 

Each of the above test solutions were adjusted to 8 different pH values within the range of 
5 :about.1.1^to 2.7.(2.76. 2.36. 2.03' 1.80. 1.61, 1.48. 1.3p:and J.15, respectively) and incu- 
■ ' ' "'"ISed at'ioom^mpera for abbut 20 hours. Following this Incubation, the GAM activrty 

was measured using a solution of starch (e.g. Merck Art.1 257) prepared by dissolving 1 g 
J- ^i '^,^job-^i^d:15^/! acetate. pH 4.5 as substrate. For the assay. 500 pi of substrate solution. 

preheated in a water bath at 40''C, was mixed with 500 ^il of enzyme solution to be tested 
iSlO«««^f tnixture incubated for 20 minutes at 40»C- The-raactlon stopf^d by the addi- 
^^^^^^^\^&3 M TrisI The anwbuiTt of glucose formeebwasnotetear^ 200 jil 

.r.«:3,rf«chf&f the reaction mixtures and 200 of a glucose^standard containing 91 jxg glu- 
^"^9dosaAnl<With 5,0 ml GOD-Perid reagent (Boehringer-Mannheim 124028) reconstituted as 
^. ,-i|iaooiwne.rKled;^^ the manutactuiier. These mixmresweie incubated at room temperature 
S'^^pSs^Sii^tellGwed by meastiiring EcVo using a sp^ctrojaHotorneter. 


^r^^SKw^&te/wHlchare summarisfed-in Fig. 1 (filtrate>fant^(S!gnria«AM)."demonstrate 
^^^Baff&pos^ie to inactivate a substantial part of th^ 

^^^gchymosin-containing preparationtoy subjecting the pieparatiomtapH lower than 2.0. 


^^^^^w^^inzymztic side activities in a filtrate^^of fecmeiib^ meciiuin of a 
l^^^m«&t^ymosifH>rodu<in n^gFft^var^«i«»of# strain 


,v ..^The startinjg material for this experiment was a frestef em^ntate of ^p«/g///us n^ger var. 
t^^^^^irilrhb oontelned a milk dotting actlvlti^bf \Sl&^irvX} pH 5.59. 


"as- 


In the experiment were 


^nl cf^the crude. 


'^^^rttert^ 100% acetic acW (0.9%) was addedknd.p^ 2.5 by 

^^^ ^^^^^ ^go^ntrated sirfphurib add (6 ml). A 60 fW^sarrpl^iwasa^^ pH 


^SSto^-to 1 -a. 1.7 and lie. respectively, and a.50 ml sample 'odleetad at each 


^ mi of fennentdte befor ,pH ac^ustartSnlwaKUMd. 
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Each of the above samples were icentrifuged at 3,CX)0 rpm for 10 mtnutes and subse- 
quently filtered using a prefitter followed by fiftration through a 0.45 \xm fitter. The samples 
were left to stand at 4^*0 for about 21 hours and the pH of each sample adjusted to 5.5-6.0 
to stop further reaction. 


. . EoUowtastthe acid treatment, the i-espective samples were assayed for^ residual milk dot- 

- v^^ to Intematkmal JDF Standardrl57A:1997 and for the following en- 

^rmaticTside activities: GAM, leuoine aminopeptidase (LAP), amylase, cellulase. acid 
: v:-^phoa9i%atase and protease activity, respectively. GAM,:activity was.assayed as in 
iOr'^Bcarnplel. 

. ^Jhe LAP activity was assayed usmg Leu-^-naphtylamine as a substrate, which, in the 
presence of LAP activity, released p-naphtyiamine which is oonver^.to a blue azo dye 
-V ^^^^^y^l^ii^fcclin^ with NaNOs inssutting in the generatkxi&€«^a:(&^^ a 

- IS "^subskicfent step is reacted with rt-[1-naphtyq-ethylenedlanrMne^to obtah> the bhje azo dye. 
i Ir^r In^the aw^ t25 yd of sample and 125 id of LAP subatiate is na^^ 37**C 

" 'S^l^™^^^^^^ 12KMg6fi27N^M^Thefcoloun«iction is 

LAP activfty^cleterntinecfev^ cun/e. 



lit ls"d€?fihekJ as tte amcw of 


^rfiaphtyla- 


^ ^^iii^a^ p*r hour at 37'C and pl-t7.1 . 

j^»^f>A^ (1 unit defined ap the amount of enzyme releasing 1 >rTK)ie ofredudrig 

"-^^^i^^^croti^ betowctX3«^tiqos)iyi^ using 

r ll^KiDfe^^^ Art 1257) sis the substrate at aconcentratk*it:df^1% in 0:i5 M so- 

^^^^^cfcra^acptale, pH 4,8. Equal volumes of substrate andrsample were mbced.and incubated 
^^f^^^^i^^^^tmUBS, respectively iHt 25^ followed byiadditton of arV^eq^ of a col- 

■^J^^^ (1 g 3.5-dinrtrosaBcyljc add Is suspendedam20 ml 2 N NaOH and 50 ml dis- 

v.^.^=.a by*4 aMon of 30.0t§l!ata;teE^^ ml) 


i minutes foHowecJ by cooling in an ice:ba^. The enzyme activity was de- 


^ jectrophotometrfcally vs; a starxlard curva.^ 


^.^^.^"Icellulase activity uiing microcrystalllne cdlufose (Avice^^ as 


^®&sra5^GO[>^'erk^rea^ert^^ ^^simi^irm^ 
^Jlifl/nU-rglucbse standard. For the assay, 100 mg substraterZianifcOrt^M soicflCBn acetate 
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buffer, pH 5.0 and 40 jiJ 5% Na azide wms mixed and 0.5 ml of the sampi added. Th 
reaction mixture is incubated for 24 hours at a^C followed by centrifugation. 200 jiJ of the 
resulting supernatant is mixed with 5.0 ml GOD-Perid regents and the mixture kept at 
room temperature for 40 minutesiand the colour development measured spectropho- 

; ~ tfh^'a^yiiPoricid phosphatase b based on enzymatic hydrolysis of p^iitrophenyl phos- 
phate. In the reaction, /Miitropheiiiol and inorganic phosphate are generated. When sub- 
jected-to alkaline conditrons, p-nifrophenol is converted to a yellow complex that can be 
.10 measured at 450^0 nm. For th«> assay, a mixture of 0.5 ml substrate solution and 0.5 ml 
i wCi-ii^feate^^iffer Isiprepared and 0.2 jnl of sample is addBdip}iQifei0^y^ resul- 
... CdrS'jr&Sjre at^V^C for 30 minutes. The reaction is stopped by.the addftton of NaOH and 
-the absorbance at 420 nm deterrftined after 10 minutes. 


^^■i54Gene«l/iwotease activity was measured using azo casein as the substrate. One unit of 
. Zpifit(A^ts^^)^ \^ defined as the amount of enzymeithat proivides a •«E42s of 1.00 per 
li4v«^artiai30'Hi^ defined coiiKiltfonsi For the assay^equal^vikunies of gel filtered 
r-. t^<^j^^^^^H §2. and 5% azo cafton.at-pH 6.7 is incubated ^lA-SOfC water bath for 
i .r>'.^<art^.^TOinutes after which thp reactkxi is stoppedffay:addlng4^mb5%;TGA while 
^^^^P^SipSf^^^f?**'" '® cooled In kje bath and cenlrtfugedtuiit|i%deaij is 


^irtmn^-One ml of the supematent l^mixed with 2jmlM?NaiOW«nd tfiefexlirKlton 
:;!ixifeasured spep^ ist 425 nm. 


4 Clotting acthky In the samples ofei^^ pH for 

^S^^ta* 2i^hour^ are summarised In the below table 2:1 ::v • - . 


%abte.2-1..Milk dottinQ activitv in jsamoles of chvmosin ^3foducln qv^pgrt7///i« nlqervar. 
mvamodletmWtate after 21 hou*s of low pH treatment >%- > 


Sample 


»:FUbnte^ fernrvaritate. pH 5.6 


^ptrateijreated.at pH 1.8 


ci,atpH1,6 


Milk ckitting activity,.* 
IMCU/ml ^ r ,4 


158 


136 


138 


137 


•Reeiduy milk dot-~ 
^-i ting activity, % 


.100 


86.1 


87.3 


86.7 


:^Patem app(tealiorvQ29U81A>4UlJsA)9^-01l 
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i^,.^^^^4.^P^f^ ^'^^^ '""f® 85% of milk ctetting.actlvjty erf chymosin 

was retained even at pH 1 .6. 


In the following tables, the results for residual enzymatic side activities are summarised: 


.5. 


rtible'gy: QAM activitY In samples: of chymosinniroducinb -i teoeniOTf^^ 
femfientate after 21 hours of low 6H treatment 


Sample 


GAM activity, Lf/ml 


Residual GAM ac- 
tivity, % 


ra^te.of fermentate, pH 5.6 


30.619 


100 


; pH 1.8 


-4,020: 


:^;.*^0:...-13.1. 


BltrateA;eated^at pH 1 .7 


234 


0.8 


fll«rate.tr^ted,at pH 1.6 


activitv I n s^ples of ti>vmosin=Droduc&ia^>laderiEE^ 
r^tOf^ffiamof/femientate after 21 houte trf lo w oH treatment 'I .; 


t^^ -It; 


^ £EBtEat0«o&fermentate, pH 5.6 


Sample 



atpHI.8 


Pepddaseactiyfty- 
UAnl . 


209 


0.3 


?|^8idual peptidase 
■iv- - activity, % 


100 


0.1 


pH 1.7 


iSHrE^treaiedat pH 1 .6 


r.. w^cv T able 2A Amylase activity in s ar^ples of chymosin-orodudnQ AsDerxnaus ntoer var. 
-y^^affqam^ after 21 hbiife^ low d H traatman^ : - r ^rrft^ ... 


Sample 


Wltmm&l^^ pH 5,6 



pHr7- 


Filtrate treated^at pH 1 .6 


Amylase activity.r 
U/ml 


34 


0.11 


0.02 


sR^duai amylase 
activity, % 


100 


0.05 


0:01 
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Table 2.5, Cettulase activitv in sa hples of (^vmosin-oroducinQ Asoerwllus nkxervar 
awamorf f emierrtate after 21 houte of low dH treatment 



Sample 

Peptidase activity, 
U/ml 

Residual peptidase 
activity, % 


rJpteteotfenfneritate^ pH 5.6 - : < : 

. .170 . 



Rrtrate treated at pH 1 .8 

17.6 

10.3 


:=1fHteia:tpeatect^ pH i .7 

15.0 

8.8 


nitrate fineated at pH 1 .6 

28.7 

16.9 


''"-Fabte2!6; PtxJOThatas^ activitv Irfi sarrroles of cfivmosfn^oradunlnn A<inAmUhL<: nfnar\/^r 


^^ar/fO/fiermentate after 21 houes of low oH treatment ^ 



H^t^-^J^y ^ Sample ' 

Phosphataseapby-j-. 
ity, U/ml 

^B^dualphospha- 

■> ■ ^ ■ 

tase activity, % 

j> -air 

^#teate of.fermenta*e, pH 5.6 

706 

100 


i?ltoalfie«Baled1atpHl,8 ' r^^.^ - - 

397 

56.2 


Rttrate^eateclat pH 1.7 

401 

56.8 




- ' - • 52.7 


Protease adfivftv in-saitioles df dhvtr KJsify^orofbi^^ niaervBr. 
awamail&m&nstB after 21 houfe of low pH treatment 


Sample 


Rtrate of fermentate, pH 5.6 


p|^f^^iteG^pH1.8 
^R^^t^^^TpHT?" 


fcatpH 1.6 


Protease activit/, 
U/ml 


^^Residuai protease 
4 - actSrity, % 


100 


50 


50 


} fronf the above tables 2JZ to 2.7 that, with;the:exoepeori of add phosphatase 

:f ^*8cfiMty^lihe^8ide activities beinjg assayed were reduced by-60% ormore by subjecting 


^^^^tlwfernrtBntate^tD a 21 hours of treatment at pH values:beiow^2i02^ tK^smie^time, more 
.^^l^^ra^g^il^^ clotting acti>£ity of chymosin wastretained^duni^tttt^ 
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EXAMPLES 


Ifttctivation of enzymatic side jtctivities in final re^ty^to-use rennet products by low 
pHtraabnent 

In thie experiment, samples of the following commercial microbial and animal rennet 
products were^subjected to pH 1 .7 for 2.5 hours and:theTGAM acth/ity and the overall 
sterch degrading activity was mef sured before and after that treatment. 


1 0 TKe tedc^ products were: Hannifese™1 95, a microbial coagulant produced by 

Hannilase™klOO,?djso a microbiaLtennetprqduG^ 


/nfeffe^iGF^ a bovine cHyriiosin produced byiAsffergillus nigervar. awamori, 

^ \-.-Modltese™ 195, a oxidised, thermdabile coagulant derived from Rhizomucor miehei and 

- 1Fhereix>ya^prvki^^ were te^^ |or GAM activity using^lhe assay descrit>ed in Exsupple 1 


'^^^^arxi^cx^^^ degrading acflvity using an agatLcflhisionct^l^'^erres^^ as- 

as «h-+, +4*; + dr where (+) ln(ficates_trace.2u:t^^ observed 


.20 H 



""^'^^xp^rfmm in thcrfifefewkafiies^:^^^^^ 


^^ ^iaac^aa^GAM activitv in samot^ of commercial renttet products before and after low pH 


^^iRennet.product 

GAM activity, U/mi 
befor^iqw pH 
. treafcnents^ : .- 

GAM^activity, U/mi 
after^lowtrpH treats 

nrient>-»^ ^^r* .';;^>»'>5 

Residual. QAM ac- 
" -livHy, % 


. 2i>2 

1.4 

0.7 


.1354 





1,.7.. .. .. .. -• 

- ■:■ •-. ^ -;--i2ri 


3fe7 

1.4 

0.4 


1p1 

-46 • • - t ' 

45-5 


, ap|)flcation/D29US1/CMifl^Js/D»02-01 1 
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. JTabte 3J2^ General starch degradno activrtv in samptes^of commefcial rennet products 
before and after low pH treatment 



Rennet pnxiuct 

Amylase activrty 
beforeilow pH 
treairtent 

Amytase activity af- 
ter low pH treatment 

Residual amviase 
activity, % 


Haraillsse^195 

-HH- 

(+) 

0 


Hannilase^2100 


W 

0 



not defidctablQ 

notrdetectable 

0 


Mocfilase™ 

4-1-4- 

(+) 

0 

m 




-'0 


5 It can be concluded from the at>ove results that subjecting commercial rennet products of 
, ; . ;tnicrobial^a^^ animal origin to a tibatnient at pH lessJhan 2.0 can reduce the level of GAM 
acth% Gigntfica^ and in any catee by nrore than 50%rtand the tr^hntent inactivates the 
>v^^ actMty to Ifevels which are close^to being^ undeiectabie by the used 


